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Reflection Grating Array

Currently An In-Plane Design 
Resolution of 400

Results from Chandra and XMM 
Underscore Importance of

Higher Spectral Resolution



Classic In-Plane Mount



Varied-Line Space 
Gratings

Groove Density is used
to offset coma when
grating is in converging beam



Reflection Gratings
on Con-X

Baseline RGS is like XMM

But there is an attractive alternative

Dates to 1979 work I did that showed
reflection gratings could be put in a
converging beam.

Natural geometry for grazing 
incidence
is the “off-plane”  or “conical 

diffraction”
mount.

Cash, W., “X-ray Optics 2: A Technique for High 
Resolution Spectroscopy,” Appl. Opt , 30, 1749-
1759, 1991.



The Off-plane Mount



An Off-plane X-ray 
Spectrum



Radial Groove Gratings

Compensate
For Coma in
a converging
beam



Advantages

• Higher Throughput
• Higher Resolution
• Better Packing Geometry

Disadvantages
• Higher Groove Density



Packing Geometry
+1

0

In-plane

Central grating must be removed.
Half the light goes through.

Off-plane

+1

0

Gratings may be packed optimally



Throughput

• Better Groove Illumination
• Fewer available orders
• Constant Graze Angle

Typically a factor of two



Better Groove 
Illumination







Resolution
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Resolution (cont)

Off-plane
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Internal Structure of 
Telescope

Blur Favors
Dispersion in Off-plane
Direction



ALL X-ray Telescopes 
Have This Internal 

Structure





This Concept Proposed 
for XMM in 1989



Focal Plane



For Con-X

Can use the extra capability for:

• Higher resolution

• Higher Collecting Area

• Lighter Gratings

• Even poorer telescopes

Or Some Combination as desired



If the Off-plane mount and its desirable
properties are to be available to Con-X
it needs better proof.

Main worry is the fabrication of the
gratings.  High groove density and
blaze in a radial configuration.

A program that provides for the fabrication
and testing of a single grating would
suffice to put the worries to rest.



Off-Plane Development 
Program

Six Month Evaluation   - 2001
Build Test Radial Master - 2002
Evaluate in Lab – 2002
Build Flight Master – 2003
Begin Replication Program - 2004
Launch  - 2008?



For Test Phase We 
Need:

A Blazed Radial Grating
Circa 6000 g/mm – 8m to hub
Large Enough to Test  - 1cmx5cm ?



Status of Grating 
Vendors

Contacted all Major Potential Vendors

Two Outstanding:

Hyperfine Inc,  Boulder
Jobin-Yvon, Paris

Each has capability in holographics and in
mechanical ruling.  But, Hyperfine favors
mechanical and JY favors holographic



Groove Profiles

Triangular

Sinusoidal

Laminar



Holographics
At Jobin-Yvon

Rule Using Interference Pattern in Resist

Ion-Etch Master to Create Blaze

Radial Geometry No Problem

Density: Up to 8000 g/mm Laminar
Up to 5800 g/mm Triangular (<35 deg blaze)

Very Low Scatter, Good Efficiency



Mechanical

Hyperfine

Modify Ruling  Engine to Make Radials

Made Several Radials 10 years ago

Up to 7200 g/mm,  any blaze angle or laminar

More scatter and ghosts



Two Technical Paths
are available for
Radial Grating 
Manufacture

Somewhat different capabilities



Apples to Apples
Comparison

Set Effective Blaze Angle to be the Same
γ = 2.7 degrees

Leads to same spectral response

Then see what is needed to match throughput 
and resolution of 400



To Match In-plane 
Design

Three times fewer gratings

3000g/mm, 17 degree blaze (easy)

Greatly reduced assembly, alignment
and stability requirements

The off-plane remains a very attractive
alternative, even baseline requirements



Can Improve Performance

Increase Resolution to 800 by going
to 6000 g/mm

Factor of two in resolution can be achieved
by using β=63deg

Another factor of two can come from further
sub-aperturing.

Resolution of 2000 to 4000 appears
feasible in the off-plane mount



Summary

Have reviewed state of off plane
grating technology and potential.

Still appears very attractive.  
Potentially provides higher resolution

and/or reduced difficulty.

Next step is build and demonstrate a
holographic test master.
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